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Abstract 
Fluorescence detection is one of the most commonly applied detection method co-working with labs-on-a-chip. In 
this paper, CCD minicamera – based one-wavelength and two-wavelengths optoelectronic instrumentation is 
described and characterized. A brief review of applications of a non-cooled low-cost CCD camera working as 
sensitive fluorescence detector is presented.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Among many optical detection methods successfully applied in tandem with lab-on-a-chip (LOC) 
devices, fluorescence detection is one of the most commonly used. It is due high specificity and 
sensitivity as well as well-known methodology and commercially available detection instrumentation. 
Usually, the detection instrumentation is based on epifluorescence microscope equipped with 
photomultiplier or silicon photodiode. Low-light fluorescence imagining by scientific grade CCD 
cameras are applied when large distributed area or multipoint fluorescence readout is necessary [1]. These 
cameras have high resolution and cooled CCD matrix. Cooling of the matrix is usually realized by 
thermoelectric module (single or stock) what results in low background noise and high signal to noise 
ratio. Low-light fluorescence imagining requires long exposure times of the CCD matrix, counted from 
hundreds of milliseconds to tenths of seconds. Thus, real-time fluorescence detection of fast changes of 
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the fluorescence signals, observed in on-chip real-time PCR process or during capillary electrophoresis, 
can be problematic [2]. Cooling of the CCD matrix requires at least several Watts what disables full 
power supplying of the CCD-based detection module by USB interface (as commonly available energy 
source). Non-cooled and low-cost CCD cameras have not been taken into account as low-light 
fluorescence imagining detectors due to high noises and low SNR [2]. Latest developments of new CCD 
matrixes caused availability of low-cost miniature CCD cameras operating at room temperature without 
cooling. These cameras have been successfully applied in closed-circuit television systems for industrial 
or safety monitoring but never as fluorescence detector co-working with labs-on-a-chip. In the paper, 
results of investigation on application of non-cooled low-cost CCD minicamera module as sensitive 
fluorescence detector for applications with labs-on-a-chip are presented. One-wavelength and two-
wavelengths fluorescence excitation and detection optoelectronic instrumentation is described as the main 
component of the LOC-based devices successfully used in some life-science applications 
2. One-wavelength fluorescence excitation/detection instrumentation 
Two non-cooled minicamera modules have been investigated (Fig. 1a). Both cameras were equipped 
with black and white 1/3” CCD Super HAD (Sony, Japan) matrixes. Camera no 1 (YK3043, Yako, 
Taiwan) had analog video composite output and required external video grabber connected to the 
computer. The second camera (21K135USB-C, Videology, The Netherlands) had built-in video grabber 
and integrated USB interface enabling direct connection to the computer. Both minicameras were tested 
at the same measurement set-up and silicon/glass lab-on-a-chip dedicated for real-time PCR DNA analyze 
(Fig. 1b). The microchamber was filled with artificial sample containing DNA at various concentrations 
and marked with 0.5 PM TO-PRO3 fluorochrome. Red (635 nm, 3 mW) miniature laser module was used 
as the fluorescence excitation light source. Miniature objective collecting the images of the chip was 
equipped with long-pass 650 nm interference filter (Thorlabs, Sweden). Collected fluorescence images 
were in real-time processed by developed LabView software. 
It has been found that limit of fluorescence detection for low-cost camera no 1 was better than for 
more sophisticated camera no 2. Lowest detection limit, defined as background signal wit added triple 
standard deviation of the background signal, was 0.1 ng/ml of DNA for camera no 1 (Fig 2) and about           
1 ng/ml for camera no 2. 
 
 
 
 
 
(a) (b) 
Fig. 1. One-wavelength fluorescence detection instrumentation: a) view of tested CCD camera modules, b) scheme of the 
measurement set up 
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Fig. 2. Fluorescence intensity as function of DNA concentration, curve obtained for camera no 1 
3. Two-wavelengths fluorescence excitation/detection instrumentation 
Two-wavelength instrumentation utilized home-made dual interference filter with two halfs of the 
filters: 1st half passed 560 nm wavelength with 10 nm band-pass, the 2nd half was 660 nm / 10 nm filter. 
The measurement set up consisted two semiconductor lasers (532 nm and 632 nm), the laser light was 
introduced into microchamber by side wall coupling (Fig. 3). 
 
Fig. 3. Scheme of the optical paths configuration for two-wavelengths fluorescence excitation and detection 
 
Detection limits of the optical instrumentation were determined with Cy5 (red-line) and HEX (green 
line) fluorochromes. It has been found that lowest detection limits were 5 nM for Cy5 and 7 nm for HEX 
(Fig. 4). 
  
(a) (b) 
Fig. 4. Fluorescence intensity as function of Cy 5 (a) and HEX (b) dyes concentration measured in two-wavelengths instrument 
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4. Examples of LOC-based devices with non-cooled CCD-based fluorescence detection 
The non-cooled low-cost CCD camera modules have been successfully utilized in the portable one-
wavelength device for real-time PCR detection of food borne pathogens (Fig. 4a) [3], two-wavelengths 
detection system for NASBA amplification of RNA (Fig. 4b), novel instrumentation for gel 
electrophoresis with temperature profiling during separation (Fig. 4c) [4] and hand-held optoelectronic 
reader of the wearable skin patch for cocaine detection in the sweat sample [5] and mice embryos 
apoptosis detection in LOC-based instrument [6]. 
 
As the summary, it must be pointed out that non-cooled low-cost CCD camera modules can be 
successfully applied as sensitive fluorescence detector with detection limits fulfilling requirement of most 
of the molecular biology analysis methods. Small dimensions and low power requirements make this 
detection instrumentation interesting alternative for bulky, expensive and power consuming 
photodetectors, especially when point-of-care devices utilizing labs-on-a-chip are considered.   
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(a) (b) (c) 
Fig. 5. Developed instrumentation utilizing non cooled CCD camera modules applied in real-time PCR of bacteria pathogen detection 
(a), two-wavelengths system for real-time NASBA  K. brevis detection (b) and DNA separation and analysis by gel electrophoresis (c)  
